The aim of this study is to evaluate if two different physical activity (PA) questionnaires have similar ability to rank individuals, and to examine associations with cardiovascular-metabolic risk factors, compared to an objective measure. In a random sample (n ¼ 369, age: 65±6 years) from the population-based 'Malmö Diet and Cancer' (MDC) cohort, PA was measured by a leisuretime comprehensive questionnaire (MDC-score), a simple leisure-time questionnaire and by accelerometer-monitoring (CSA). Moderate correlations were observed between MDC-score and CSA in men and women (r ¼ 0.35 and 0.24, respectively). In men, both questionnaires and CSA were inversely associated with waist circumference, insulin resistance and metabolic syndrome. In women, the MDC-score was positively associated with high-density lipoprotein-cholesterol, and the simple questionnaire inversely associated with anthropometric indexes, but no association was seen between PA estimates and cardiovascular components. We conclude that both PA questionnaires distinguish health risks associated with anthropometricmetabolic risk factors, particularly in men.
Introduction
Regular physical activity (PA) is a vital factor in the primary and secondary prevention of most chronic diseases and premature death. But, it is still difficult to accurately measure this complex and multidimensional behaviour. Self-reported questionnaires are widely used PA measures in epidemiological studies, which generally indicate that PA has apparent health benefits (Houde and Melillo, 2002; Misra et al., 2005; Steffen et al., 2006) . However, conflicting results are seen in older populations (Houde and Melillo, 2002) .
This study intended to evaluate if two different PA questionnaires have similar abilities to rank individuals, and to examine associations with cardiovascular-metabolic risk factors (anthropometric, metabolic and cardiovascular components), compared to an objective measure (accelerometer-monitoring, CSA), among Swedish middle-aged or older men and women.
Methods
From the population-based 'Malmö Diet and Cancer' (MDC) cohort (Berglund et al., 1993) , a reexamination procedure was carried out in 1998-2000 in a subgroup of 909 subjects without known diabetes. Among those, a randomly selected group of non-diabetics (n ¼ 369) was invited to participate in this study.
The MDC-score is obtained from a self-reported comprehensive questionnaire measuring leisure-time PA (during the preceding year), adapted from a modified Minnesota leisuretime PA questionnaire (Taylor et al., 1978) . The questionnaire contained 18 questions covering a range of activities in four seasons. A summary score for all activities was obtained by combining intensity factors for each activity with the time spent on the activity. The score was categorized into genderspecific quintile and aggregated into three categories: low (quintile-1), moderate (quintile 2-4) and high (quintile-5).
In the simple leisure-time questionnaire, the levels of PA during preceding year were also self-administered and further categorized as low (sedentary), moderate (light exercise, for example, walk, cycling for X4 h/week) and high (regular exercise, for example, running, swimming for X3 h/week).
The CSA model 7164 (CSA Inc. Shalimar, FL, USA) is a small, light and uniaxial accelerometer measuring vertical acceleration ranging from 0.05 to 2.00 g with frequency response from 0.25-2.50 Hz (Activity monitor operation manual, 1995). CSA was monitored for 4 consecutive days, except when sleeping or water-based activities. The total number of activity counts (CSA-units) were categorized as gender-specific quintile and aggregated into low (quintle-1), moderate (quintile 2-4) and high (quintile-5) categories.
In this study, a set of anthropometric, metabolic and cardiovascular components assessed at the time of reexamination were identified as health-related risk indicators examined in association with PA. Anthropometric components were body mass index (BMI), waist circumference and body fat (%). Metabolic components were homeostasis model assessment (HOMA)-insulin resistance, triglyceride, high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, total cholosterol (TC)/HDL ratio and metabolic syndrome, according to the EGIR definition (Einhorn et al., 2003) . Four components indicated cardiovascular components: systolic blood pressure (BP), diastolic BP, resting heart rate and common carotid artery intima-media thickness (IMT).
Lifestyle (such as smoking) was assessed with a structured questionnaire.
Statistical analyses
Spearman's correlation coefficients were used to estimate the correlation between PA measurements. w 2 -test, analysis of variance (ANOVA), general linear analysis and logistic regression model were used to examine the association between risk factors and PA level. All comparisons were twosided and a 5% level of significance was used. The statistical analyses were conducted by the computer software SPSS (14.0).
Results
Moderate correlations were observed between the MDCscore and CSA (men: r ¼ 0.35, Po0.01, women: r ¼ 0.24, Po0.01), and between the simple-score and CSA (men: r ¼ 0.32, Po0.01, women: r ¼ 0.15, Po0.05).
The relationship between PA levels (measured by three measurements) and risk factors in men and women are presented in Tables 1 and 2 . In men, waist circumference, HOMA, and the proportion of individuals with metabolic syndrome were significantly and inversely associated with MDC-score categories (with covariate adjustments, P for trend ¼ 0.02, 0.05 and 0.03, respectively). Similarly, all anthropometric components, HOMA and metabolic syndrome were negatively correlated with CSA (Table 1) . In women, a positive relationship between MDC-score and HDL-cholesterol (P ¼ 0.05) was shown. An inverse association was observed between CSA and triglycerides (P ¼ 0.01; Table 2 ).
When using the simple-score questionnaire, significant associations were seen in men between PA and waist 
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Abbreviations: BMI, body mass index; BP, blood pressure; CSA, accelerometer-monitoring; HDL, high-density lipoprotein; HOMA, homeostasis model assessment; IMT, intima-media thickness; LDL, low-density lipoprotein; MDC, Malmö Diet and Cancer; TC, total cholosterol.
*P values for trend were adjusted for age, BMI, current smoking, systolic BP and history of cardiovascular disease.
circumference (P ¼ 0.04) and HOMA (P ¼ 0.03; Table 1 ). In women, all anthropometric components were inversely associated with PA when assessed the simple questionnaire (Table 2) . However, no significant associations were observed between PA levels assessed by either questionnaires or CSA and cardiovascular components.
Discussion
Physical activity, measured by either the MDC-score or the accelerometer, had a significant inverse association with body fat distribution, insulin resistance and metabolic syndrome in men. In women, only HDL-cholesterol level had a positive relationship with MDC-score. These results are in agreement with other observations (Misra et al., 2005; Steffen et al., 2006) .
No apparent relationship was observed between PA and CVD risk factors in this study. The literatures indicate inconsistent findings among older individuals (Houde and Melillo, 2002) . Several factors may be related. First, imprecise PA measurements may be the main cause for the weak association because the total daily energy expenditure is underestimated by 50-60% by using Minnesota PA questionnaire and accelerometer in comparison to the criterion measure (doubly-labelled water; Starling et al., 1999) . Also, PA questionnaires are more accurate in compiling information on high-intensity activities, but lack precision for lowintensity activities (Bonnefoy et al., 2001) . Furthermore, the effect of PA may prevent atherosclerosis development in young, high-risk subjects (Remsberg et al., 2007) , but might be less beneficial to established atherosclerosis lesions among older individuals. In addition, the cross-sectional study design of this study may also be a weakness.
In this study, ranking of individuals with the simple questionnaire was not less powerful as the comprehensive questionnaire (MDC-score). Thus the simple type of questionnaire may be suitable for the older populations. Others have observed that the simple PA questionnaire was an excellent tool for older population when compared with nine other PA questionnaires validated simultaneously against the objective method (Starling et al., 1999) .
A weaker association observed in women in this study may raise a question of how gender influences the ability to assess PA, and whether the type of activity or the amount of time spent on each activity differ between men and women.
Conclusion
Leisure-time PA, measured by the MDC-score, showed significant associations with anthropometric factors and metabolic components, particularly in men. However, a simple questionnaire may be more practicable and useful in older individuals when assessing PA. 
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